
RESEARCH OBJECTIVES
The primary objective of this study is to develop a multidi-

mensional, mountain-scale, thermal-hydrological (TH) numer-
ical model for investigating the impact of decay heat from
radioactive waste on unsaturated flow behavior at the pro-
posed repository in Yucca Mountain, Nevada. This mountain-
scale TH model includes heat-driven processes occurring both
near and far away from the emplacement drifts. The model
simulations predict thermally perturbed liquid saturation, gas-
and liquid-phase fluxes, and water and rock temperature ele-
vations, as well as the changes in water flux driven by evapo-
ration/condensation processes and drainage between drifts—
to assess the repository performance under thermal loading
and future climates.

APPROACH
The mountain-scale TH model, which consists of both two-

dimensional (2-D) and three-dimensional (3-D) re p re s e n t a t i o n s
of the UZ repository system, is based on the current re p o s i t o r y
design, drift layout, geometry, thermal loading scenarios, and
estimated current and projected future climate conditions.
S p e c i f i c a l l y, the TH model implements the current hydro g e o l o g-
ical conceptual model and incorporates the current, best-estimat-
ed input parameters into modeling studies of two-phase flow
and heat transfer using the TOUGH2 code. Fracture-matrix inter-
action is conceptualized by a rigorous dual-permeability model-
ing approach. The 3-D re p resentation explicitly includes every
waste emplacement drift of the re p o s i t o r y, as designed. Curre n t
and future climatic conditions are re p resented using a time-
dependent net infiltration map with a three-step increase, in
which the present-day climate lasts up to 600 years, the monsoon
climate then covers the period from 600–2,000 years, and the gla-
cial transition climate follows there a f t e r. The model simulations
p redict the TH evolution of the UZ system under repository ther-
mal load and provide insight into moisture conditions and perc o-
lation fluxes in the UZ. 

ACCOMPLISHMENTS
The multidimensional, mountain-scale, thermal-hydrologic

(TH) numerical model for the repository at Yucca Mountain
has been recently calibrated against borehole temperature data
at ambient geothermal conditions. The TH processes represent-
ed in the model have also been verified against field test data

on a drift scale. This mountain-scale TH model has been used
to simulate the repository response of two-phase flow and heat
transfer under two thermal loading scenarios, with or without
ventilation operations, within the first 50 years after waste
emplacement. In particular, the TH model has been used to
provide predictions of repository heating effects on far-field
UZ flow and TH conditions for hundreds and thousands of
years after waste emplacement,

SIGNIFICANCE OF FINDINGS
Since laboratory studies and field heater experiments, how-

ever necessary, cannot adequately recreate or represent the
space and time scales relevant for a geological repository,
numerical modeling plays a crucial role in providing an under-
standing of nuclear-waste-repository performance. The moun-
tain-scale TH model has provided large-scale quantitative pre-
dictions and scientific understanding of TH processes in the
UZ of Yucca Mountain under the designed schedule of reposi-
tory thermal load and ventilation operations. In particular,
model simulations have shown the ability to predict thermally
perturbed liquid saturation, gas- and liquid-phase fluxes, and
water and rock temperature elevations, as well as changes in
water flux driven by evaporation/condensation processes and
drainage between drifts. In this way, the developed model is
crucial for assessing repository performance under thermal
loading and future climate conditions.
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